Development Of Hierarchical Skin-Adaboost-Neural Network (H-Skann) For Multiface  Detection In Video Surveillance System by Zakaria, Zulhadi
DEVELOPMENT OF HIERARCHICAL 
SKIN-ADABOOST-NEURAL NETWORK 
(H-SKANN) FOR MULTIFACE DETECTION IN  
VIDEO SURVEILLANCE SYSTEM  
ZULHADI ZAKARIA  
UNIVERSITI SAINS MALAYSIA 
2017  
DEVELOPMENT OF HIERARCHICAL SKIN-ADABOOST-NEURAL 
NETWORK (H-SKANN) FOR MULTIFACE DETECTION IN 
VIDEO SURVEILLANCE SYSTEM  
by  
 
ZULHADI ZAKARIA  
Thesis submitted in fulﬁlment of the 
requirements for the degree of  
Doctor of Philosophy  
 
 
 
 
 
 
 
 
 
 
April 2017  
ii 
 
ACKNOWLEDGEMENTS  
First and foremost I offer my sincerest gratitude to my supervisor, Assoc. Prof. Dr. Hj. 
Shahrel Azmin for his guidance and encouragement. Without his guidance and persistent 
help this thesis would not have been possible.  
Besides, I would like to thank my co-supervisor Assoc. Prof. Dr. Junita Mohamad Saleh 
on the advice and support on an ongoing basis as well as thesis checking.  
I am also very grateful to all administrative and system support staffs at the School of 
Electrical and Electronic Engineering for ensuring that the process of my study runs 
smoothly. Special thanks also to competent administrative system support staffs in RCMO 
for managing my grant budget account under USM-RU-PRGS efﬁciently. 
I especially would like to thank all staff at Politeknik Seberang Perai for providing me a 
space for my study. Furthermore, I am also thankful to my friends (too many to list here) 
for providing support and friendship that I have always needed. 
I am thankful to the Kuala Lumpur International Airports (KLIA) for giving access and 
valuable insight into the airport world that has immensely inﬂuenced this research.  I also 
acknowledge the contribution of the Double Road Care Sdn. Bhd. and Double Z Global 
Enterprise and their staff for making it possible to carry out my case study based on their 
exhibition environment at Million Youths Assembly (MYA) in 2012.  
I also dedicate special thanks to my family in particular, my father Zakaria Din and my 
mother Che Endom Baharom for their support. I would like to offer my special thanks to 
my lovely wife Zurilaili Ishak who has provided emotional support and understanding. 
Without her encouragement and help, this thesis would not have been materialized. Lastly 
but not least, I owe my deepest gratitude to my children Zuhaili Zakwan, Zuhaili Harith 
Danish, Zuhaili Damia Fatini and Zuhaili Aqeel Zharif for everything.  
iii 
 
TABLE OF CONTENTS  
 
Page  
 
ACKNOWLEDGEMENTS          ii 
TABLE OF CONTENTS          iii  
LIST OF TABLES           ix 
LIST OF FIGURES          xi  
LIST OF ABBREVIATIONS        xix 
ABSTRAK           xxi 
ABSTRACT          xxiii  
 
CHAPTER ONE: INTRODUCTION  
1.1  Background            1  
1.2  Problem Statement           2  
1.3  Research Objectives           5  
1.4 Research Scopes            6  
1.5  Thesis Outline            7  
CHAPTER TWO: LITERATURE REVIEW  
2.1  Introduction            9  
2.2  Overview of Frontal Face Detection         9  
2.3  Face Detection Major Area and Applications        10  
2.3.1  Face Recognition           10  
2.3.2  Facial Expression Tracking and Recognition       11  
2.3.3  Gender and Age Recognition         11  
2.3.4  Head Pose Detection          12  
2.4  Variation of Human Face Skin Color         12  
2.4.1  Skin Color Space           13  
iv 
 
2.4.2  Skin Segmentation       15 
2.4.3  Distance Metric for Skin Color Detection          16  
2.5  Frontal Face Detection Challenges and Techniques     18  
 2.5.1  Image Conditions Challenges      19  
  2.5.1(a) Face Size and Scale       20  
  2.5.1(b) Image Noise       23  
  2.5.1(c) Image Compression       24  
  2.5.1(d) Lighting Condition and Illumination Factor    25  
 2.5.2  Pose Variation        30  
  2.5.2(a) Appearance Template Methods     31  
  2.5.2(b) Detector Array Methods      32  
  2.5.2(c) Non-linear Regression Methods     33  
  2.5.2(d) Manifold Embedding Methods     34  
  2.5.2(e) Flexible Models       35  
  2.5.2(f) Geometric Methods       35  
  2.5.2(g) Tracking Methods       36  
  2.5.2(h) Hybrid Methods       37  
 2.5.3  Feature Occlusion        38  
  2.5.3(a) Part Based Method       39  
  2.5.3(b) Feature Based Method      40  
  2.5.3(c) Fractal Based Method      40  
 2.5.4  Variation of Facial Expression      41  
 2.5.5  Variation of Shape        45  
  2.5.5(a)Holistic Approach       46  
  2.5.5(b) Analytic Approach       46  
2.6  Face Detection in Video Surveillance Application     48  
2.6.1  Challenges of Face Detection in Video Surveillance Application  49  
v 
 
2.6.2  Factors Affecting Face Detection in Video Surveillance Application  50      
2.6.2 (a) Procedure Imposed on Subject During the Capture           51      
2.6.2 (b) The Subjects being Captured            52          
2.6.2 (c) The Setting in which Subject being Captured            53  
2.7  Face Detection Algorithm and the Architecture                 57  
 2.7.1  Single Classiﬁer Algorithm for Face Detection           57  
  2.7.1(a) Face Detection using Neural Network           57  
  2.7.1(b) Face Detection using Boosting            60  
2.7.2  Combined Multiple Algorithm for Face Detection            62  
2.7.3  Face Detection with Hierarchical Architecture           63  
 2.7.3(a) Hierarchical Knowledge-based     63 
 2.7.3(b) Hierarchical Template Matching     63
 2.7.3(c) Hierarchical Neural Network      64 
 2.7.3(d) Reviews of Face Detection Algorithms    64 
2.8  Summary          67 
 
 
CHAPTER THREE: HIERARCHICAL SKIN-ADABOOST-NEURAL NETWORK  
 
3.1  Introduction          68 
3.2  Hierarchical Skin Adaboost Neural Network (H-SKANN)    70  
3.3  Face Skin Localization (FSL)        72 
3.3.1  Skin Color Segmentation              73  
3.3.1(a) Ofﬂine Process       74  
3.3.1(b) Online Process       76  
3.3.2  Edge Line Subtraction using Adaptive Threshold    78  
3.3.3  Face Skin Merging (FSM)       82  
vi 
 
3.4  Hierarchical Skin Area (HSA)       83  
3.4.1  Determination of HSA Hierarchy Level     84  
3.4.2  Concept of Hierarchical Algorithm      86  
3.5  Hierarchical Skin Area Processing       88  
3.5.1  Minimum and Maximum Range of Face Skin Candidate Area  90  
3.5.2  Determining Face Skin Candidate Size      91  
3.6  Suitable Face Resolution (SFR)       94  
3.6.1  Face Candidate Identiﬁcation (FCI)      96  
3.6.2  Face Veriﬁcation (FV)       100  
3.6.2(a) Gabor Feature Extraction      101  
3.6.2(b) Neural Network Training Algorithm     101  
3.6.2(c) Selection of the best MLP      103  
3.6.2(d) Neural Network Architecture      106  
3.6.2(e) Validation of Trained Neural Network in FV   108  
3.6.2(f) FV Scanning Process and Strategy     110  
3.7  Connected Face Problem        111  
3.8  Summary          112  
CHAPTER FOUR: FACE SKIN MERGING (FSM)  
4.1  Introduction          114 
4.2  Motivations          116  
4.3  FSM Algorithm         116  
4.3.1  Preparation of Face Candidate Areas Properties    117  
4.3.1(a) Determination of Top-left Coordinates Areas    119 
4.3.1(b) Determination of Areas Width and Height    119  
4.3.2  Preparation of Areas Pair Properties      121 
4.3.2(a) Determination of Top-left Coordinate Each Area Pair  121  
vii 
 
4.3.2(b) Determination of Width and Height for Each Area Pair  125  
4.3.2(c) Determination of Horizontal and Vertical Distance between 127 
Areas Pair    
4.3.2(d) Selection of Width and Height between Areas Pair   129  
4.3.2(e) Determination of Optimal Distance Each Area Pair   132  
4.3.3  Bridging between Each Pairing Areas based on Merging Decision  133 
Rules    
4.3.4  Merging between Each Pairing Areas      135 
4.4  Summary          136  
 
CHAPTER FIVE: EXPERIMENTAL RESULTS AND DISCUSSION 
 
5.1     Introduction          138  
5.2     Performance Evaluation Protocol       139  
5.3     Benchmark and Case Study Databases      142  
5.4     Human Skin Candidates Parameters Evaluation     149  
5.5     Experiment on Frontal Face Databases      151  
        5.5.1   Results and Discussions using Benchmark Databases    151  
5.6     Experimental results on 13 Sets of AR Database                      157  
     5.6.1   Database of 13 AR Set with Various Conditions           157  
       5.6.2   Results and Discussions using 13 Set of AR Database          158  
5.7      Experiment on Multi-face Database (Surveillance Area Databases)   165  
  5.7.1   Results and Discussion using Surveillance Area Databases       166  
5.8      Experiment on Case Study Database       170  
5.8.1   Results and Discussion using Case Study Databases     171  
5.9      Performance Evaluation on Face Skin Merging (FSM) method   174  
5.9.1  Results and Discussion using AR Database    175  
     5.9.2  Results and Discussion using Surveillance Area Databases   179  
5.10     Experiment on UCD Color Face Database      183  
5.11  Summary          184  
 
 
 
 
 
 
viii 
 
CHAPTER SIX: CONCLUSION AND FUTURE WORKS 
 
6.1  Conclusion          186  
6.2  Future Works and Research Improvements      189  
REFERENCES          191  
APPENDICES             
Appendix A: A Typical Frontal Face Image Dataset for Adaboost and Neural Network    
              Classifier Training  
Appendix B: Representation Data of Input NN Layer in FV  
Appendix C: Skin Area Color Distribution for 12 Datasets  
Appendix D: Skin Area Color Distribution for 12 Datasets with Low-Pass Filter  
Appendix E: Comparison Methods on KLIA Case Study Database  
List of Publications  
 
 
 
 
 
 
 
 
 
 
 
 
LIST OF TABLES
Page
Table 2.1 Taxonomy of surveillance application video setup 48
Table 2.2 Reviews of face detection algorithms 63
Table 3.1 Conditions of coordinates update 90
Table 3.2 Computation cost using Haar-like features 95
Table 3.3 Comparisons of H-SKANN and conventional method 96
Table 3.4 Model of NN for different classifiers 103
Table 4.1 Condition of top-left coordinates values in each pairing areas 128
Table 5.1 List of terminology 139
Table 5.2 Face detection performance measures 139
Table 5.3 Cb and Cr range used for each dataset 147
Table 5.4 Mahalanobis Distance threshold for each dataset 147
Table 5.5 Overall results on six databases 149
Table 5.6 Overall results on six benchmark database 150
Table 5.7 Challenges of AR database 155
Table 5.8 Results of AR database for type A 155
Table 5.9 Results of AR database for type B 156
Table 5.10 Results of AR database for type C 156
Table 5.11 Results of AR database for type D 156
Table 5.12 Results of AR database for type E 156
Table 5.13 Results of AR database for type F 157
Table 5.14 Results of AR database for type G 157
Table 5.15 Results of AR database for type H 157
Table 5.16 Results of AR database for type I 157
ix
Table 5.17 Results of AR database for type J 158
Table 5.18 Results of AR database for type K 158
Table 5.19 Results of AR database for type L 158
Table 5.20 Results of AR database for type M 158
Table 5.21 Overall results of AR database for three challenges 159
Table 5.22 Comparison of five classifiers on three surveillance databases 164
Table 5.23 Results of comparing two case study databases 168
Table 5.24 Results of AR database 175
Table 5.25 Results of comparing two surveillance area databases 180
Table 5.26 Results of UCD color database 181
x










PEMBANGUNAN KULIT-ADABOOST-RANGKAIAN NEURAL SECARA
HIERARKI (H-SKANN) UNTUK PENGESANAN PELBAGAI MUKA DI
DALAM SISTEM PENGAWASAN VIDEO
ABSTRAK
Pengesanan muka secara automatik merupakan langkah pertama bagi kebanyakan
sistem biometrik masa kini yang berasaskan muka seperti pengecaman muka,
pengecaman ekspresi wajah, pengecaman jantina dan pengesanan kedudukan kepala
manusia. Walau bagaimanapun, teknologi pengesanan muka berpandukan kepada
sistem komputer masih mempunyai pelbagai kelemahan serta cabaran sama ada
di persekitaran yang tertutup dan terbuka seperti pencahayaan lampu yang tidak
terkawal, oklusi pada muka, arah muka dan perubahan pada ekspresi muka. Tesis
ini mencadangkan teknik untuk mengesan pelbagai muka manusia bagi tujuan aplikasi
pengawasan video dengan seni bina algoritma yang strategik dan berdasarkan struktur
reka bentuk secara hierarki. Teknik ini terdiri daripada dua blok utama yang dikenali
sebagai Penyetempatan Kulit Muka (FSL) dan Kawasan Kulit Muka Berhierarki
(HSA). FSL dirumus untuk mengekstrak data kulit bagi tujuan proses pada peringkat
pertama bagi sistem pengesanan ini di mana ia juga terdiri daripada Penggabung
Kulit Muka (FSM) bagi menggabung kawasan kulit yang terpisah dengan tepat. HSA
dicadangkan untuk memperluaskan pencarian muka manusia pada kawasan segmentasi
kulit yang dikenal pasti dengan menggunakan strategi seni bina secara berhierarki, di
mana setiap peringkat hierarki terdiri daripada integrasi di antara algoritma Adaboost
xxi
dan Neural Network. Uji kaji dijalankan ke atas sebelas jenis pangkalan data
yang terdiri daripada pelbagai cabaran terhadap sistem pengesanan muka manusia.
Keputusan masing-masing menunjukkan bahawa kaedah H-SKANN memperolehi
peratusan ketepatan secara purata sebanyak 98.03% dan 97.02% bagi pangkalan data
penanda aras dan kawasan pengawasan.
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DEVELOPMENT OF HIERARCHICAL SKIN-ADABOOST-NEURAL
NETWORK (H-SKANN) FOR MULTIFACE DETECTION IN VIDEO
SURVEILLANCE SYSTEM
ABSTRACT
Automatic face detection is mainly the first step for most of the face-based
biometric systems today such as face recognition, facial expression recognition, and
tracking head pose. However, face detection technology has various drawbacks caused
by challenges in indoor and outdoor environment such as uncontrolled lighting and
illumination, features occlusions and pose variation. This thesis proposed a technique
to detect multiface in video surveillance application with strategic architecture
algorithm based on the hierarchical and structural design. This technique consists of
two major blocks which are known as Face Skin Localization (FSL) and Hierarchical
Skin Area (HSA). FSL is formulated to extract valuable skin data to be processed at
the first stage of system detection, which also includes Face Skin Merging (FSM) in
order to correctly merge separated skin areas. HSA is proposed to extend the searching
of face candidates in selected segmentation area based on the hierarchical architecture
strategy, in which each level of the hierarchy employs an integration of Adaboost and
Neural Network Algorithm. Experiments were conducted on eleven types database
which consists of various challenges to human face detection system. Results reveal
that the proposed H-SKANN achieves 98.03% and 97.02% of of averaged accuracy
for benchmark database and surveillance area databases, respectively.
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